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described. The UE includes a processor and memory in
electronic communication with the processor. The instruc-
tions stored in the memory are executable to apply a
configuration with one or more serving cells including at
least one type-2 secondary cell (SCell). The instructions
stored in the memory are also executable to obtain a mea-
surement for each of the one or more serving cells except for
the at least one type-2 SCell. The instructions stored in the
memory are further executable to set a measurement list to
include the measurement for each of the one or more serving
cells except for the at least one type-2 SCell. The instruc-
tions stored in the memory are additionally executable to
send the measurement list.
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1
SYSTEMS AND METHODS FOR HANDLING
A TYPE-2 CARRIER

TECHNICAL FIELD

The present disclosure relates generally to communica-
tion systems. More specifically, the present disclosure
relates to systems and methods for handling a type-2 carrier.

BACKGROUND

Wireless communication devices have become smaller
and more powerful in order to meet consumer needs and to
improve portability and convenience. Consumers have
become dependent upon wireless communication devices
and have come to expect reliable service, expanded areas of
coverage and increased functionality. A wireless communi-
cation system may provide communication for a number of
wireless communication devices, each of which may be
serviced by a base station. A base station may be a device
that communicates with wireless communication devices.

As wireless communication devices have advanced,
improvements in communication capacity, speed, flexibility
and/or efficiency have been sought. However, improving
communication capacity, speed, flexibility and/or efficiency
may present certain problems.

For example, wireless communication devices may com-
municate with one or more devices using a communication
structure. However, the communication structure used may
only offer limited flexibility and/or efficiency. As illustrated
by this discussion, systems and methods that improve com-
munication flexibility and/or efficiency may be beneficial.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating one configuration of
one or more evolved Node Bs (eNBs) and one or more User
Equipments (UEs) in which systems and methods for han-
dling a type-2 carrier may be implemented;

FIG. 2 is a flow diagram illustrating one configuration of
a method for handling a type-2 carrier;

FIG. 3 is a flow diagram illustrating another configuration
of a method for handling a type-2 carrier;

FIG. 4 is a flow diagram illustrating a more specific
configuration of a method for handling a type-2 carrier;

FIG. 5 is a flow diagram illustrating another more specific
configuration of a method for handling a type-2 carrier;

FIG. 6 is a flow diagram illustrating another more specific
configuration of a method for handling a type-2 carrier;

FIG. 7 is a flow diagram illustrating another configuration
of a method for handling a type-2 carrier;

FIG. 8 is a flow diagram illustrating another configuration
of a method for handling a type-2 carrier;

FIG. 9 is a block diagram illustrating an example of the
structure of a measurement configuration variable;

FIG. 10 is a block diagram illustrating one example of the
structure of a measurement report list;

FIG. 11 is a block diagram illustrating an Radio Resource
Control (RRC) Connection Reconfiguration message struc-
ture;

FIG. 12 is a block diagram illustrating an example of a
measurement configuration (measConfig);

FIG. 13 illustrates various components that may be uti-
lized in a UE;

FIG. 14 illustrates various components that may be uti-
lized in an eNB;
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FIG. 15 is a block diagram illustrating one configuration
of'a UE in which systems and methods for handling a type-2
carrier may be implemented; and

FIG. 16 is a block diagram illustrating one configuration
of an eNB in which systems and methods for handling a
type-2 carrier may be implemented.

DETAILED DESCRIPTION

A UE for handling a type-2 carrier is described. The UE
includes a processor and memory in electronic communica-
tion with the processor. Executable instructions are stored in
the memory. The UE applies a configuration with one or
more serving cells including at least one type-2 secondary
cell (SCell). The UE also obtains a measurement for each of
the one or more serving cells except for the at least one
type-2 SCell. The UE further sets a measurement list to
include the measurement for each of the one or more serving
cells except for the at least one type-2 SCell. The UE
additionally sends the measurement list.

The UE may determine a reference cell corresponding to
the at least one type-2 SCell. Determining the reference cell
may include receiving a reference cell indicator.

The UE may utilize at least one of a Cell-Specific Ref-
erence Signal (CRS), a Primary Synchronization Signal
(PSS) and a Secondary Synchronization Signal (SSS) of the
reference cell for the at least one type-2 SCell. A type-2
carrier of the type-2 SCell may not include a CRS, a PSS or
an SSS.

The UE may determine a path loss reference for an uplink
of the at least one type-2 SCell. Determining the path loss
reference may include setting a reference cell corresponding
to the at least one type-2 SCell as the path loss reference for
the uplink of the at least one type-2 SCell. Determining the
path loss reference may include determining whether to set
a primary cell (PCell) or a secondary cell (SCell) as the path
loss reference for the uplink of the at least one type-2 SCell.
Determining the path loss reference may include determin-
ing whether to set a primary cell (PCell) or a reference cell
corresponding to the at least one type-2 SCell as the path
loss reference for the uplink of the at least one type-2 SCell.

The measurement list may be a measResultFreqList. The
measurement may include at least one of a Reference Signal
Received Power (RSRP) measurement and a Reference
Signal Received Quality (RSRQ) measurement.

An evolved Node B (eNB) for handling a type-2 carrier is
also described. The eNB includes a processor and memory
in electronic communication with the processor. Executable
instructions are stored in the memory. The eNB determines
a configuration with one or more serving cells including at
least one type-2 SCell. The eNB also sends a configuration
message based on the configuration. The eNB further
receives a measurement list including a measurement for
each of the one or more serving cells except for the at least
one type-2 SCell.

The eNB may determine at least one reference cell
corresponding to the at least one type-2 SCell. The eNB may
also send a reference cell indicator.

The eNB may determine a path loss reference for an
uplink of the at least one type-2 SCell. The eNB may send
a path loss reference indicator.

A method for handling a type-2 carrier by a UE is also
described. The method includes applying a configuration
with one or more serving cells including at least one type-2
SCell. The method also includes obtaining a measurement
for each of the one or more serving cells except for the at
least one type-2 SCell. The method further includes setting
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a measurement list to include the measurement for each of
the one or more serving cells except for the at least one
type-2 SCell. The method additionally includes sending the
measurement list.

A method for handling a type-2 carrier by an eNB is also
described. The eNB includes determining a configuration
with one or more serving cells including at least one type-2
SCell. The method also includes sending a configuration
message based on the configuration. The method addition-
ally includes receiving a measurement list including a mea-
surement for each of the one or more serving cells except for
the at least one type-2 SCell.

The 3rd Generation Partnership Project, also referred to as
“3GPP,” is a collaboration agreement that aims to define
globally applicable technical specifications and technical
reports for third and fourth generation wireless communi-
cation systems. The 3GPP may define specifications for next
generation mobile networks, systems, and devices.

3GPP Long Term Evolution (LTE) is the name given to a
project to improve the Universal Mobile Telecommunica-
tions System (UMTS) mobile phone or device standard to
cope with future requirements. In one aspect, UMTS has
been modified to provide support and specification for the
Evolved Universal Terrestrial Radio Access (E-UTRA) and
Evolved Universal Terrestrial Radio Access Network
(E-UTRAN).

At least some aspects of the systems and methods dis-
closed herein may be described in relation to the 3GPP LTE,
LTE-Advanced (LTE-A) and other standards (e.g., 3GPP
Releases 8, 9, 10 and/or 11). However, the scope of the
present disclosure should not be limited in this regard. At
least some aspects of the systems and methods disclosed
herein may be utilized in other types of wireless communi-
cation systems.

A wireless communication device may be an electronic
device used to communicate voice and/or data to a base
station, which in turn may communicate with a network of
devices (e.g., public switched telephone network (PSTN),
the Internet, etc.). In describing systems and methods herein,
a wireless communication device may alternatively be
referred to as a mobile station, a UE, an access terminal, a
subscriber station, a mobile terminal, a remote station, a user
terminal, a terminal, a subscriber unit, a mobile device, etc.
Examples of wireless communication devices include cel-
Iular phones, smart phones, personal digital assistants
(PDAs), laptop computers, netbooks, e-readers, wireless
modems, etc. In 3GPP specifications, a wireless communi-
cation device is typically referred to as a UE. However, as
the scope of the present disclosure should not be limited to
the 3GPP standards, the terms “UE” and “wireless commu-
nication device” may be used interchangeably herein to
mean the more general term “wireless communication
device.”

In 3GPP specifications, a base station is typically referred
to as a Node B, an eNB, a home enhanced or evolved Node
B (HeNB) or some other similar terminology. As the scope
of the disclosure should not be limited to 3GPP standards,
the terms “base station,” ‘“Node B,” “eNB,” and “HeNB”
may be used interchangeably herein to mean the more
general term “base station.” Furthermore, the term “base
station” may be used to denote an access point. An access
point may be an electronic device that provides access to a
network (e.g., Local Area Network (LAN), the Internet, etc.)
for wireless communication devices. The term “communi-
cation device” may be used to denote both a wireless
communication device and/or a base station.
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It should be noted that as used herein, a “cell” may be any
communication channel that is specified by standardization
or regulatory bodies to be used for International Mobile
Telecommunications-Advanced (IMT-Advanced) and all of
it or a subset of it may be adopted by 3GPP as licensed bands
(e.g., frequency bands) to be used for communication
between an eNB and a UE. “Configured cells™ are those cells
of which the UE is aware and is allowed by an eNB to
transmit or receive information. “Configured cell(s)” may be
serving cell(s). The UE may receive system information and
perform the required measurements on all configured cells.
“Activated cells” are those configured cells on which the UE
is transmitting and receiving. That is, activated cells are
those cells for which the UE monitors the physical downlink
control channel (PDCCH) and in the case of a downlink
transmission, those cells for which the UE decodes a Physi-
cal Downlink Shared Channel (PDSCH). “Deactivated
cells” are those configured cells that the UE is not monitor-
ing the transmission PDCCH. It should be noted that a “cell”
may be described in terms of differing dimensions. For
example, a “cell” may have temporal, spatial (e.g., geo-
graphical) and frequency characteristics. For convenience,
some acronyms and abbreviations may be used herein as
follows: Radio Access Technology (RAT), Resource Block
(RB), Medium Access Control (MAC), Information Element
(IE), Radio Resource Management (RRM), Radio Resource
Control (RRC), primary cell (PCell), secondary cell (SCell),
Reference Signal Received Power (RSRP) and Reference
Signal Received Quality (RSRQ).

When carrier aggregation is configured, a UE may have
only one radio resource control (RRC) connection with the
network. A primary cell (PCell) is a serving cell, operating
on the primary frequency, in which the UE either performs
the initial connection establishment procedure or initiates
the connection re-establishment procedure, or is the cell
indicated as the primary cell in the handover procedure. The
PCell provides the non-access stratum (NAS) mobility infor-
mation (e.g., Tracking Area Identity (TAI)) and the security
input. A secondary cell (SCell) is a cell, operating on a
secondary frequency, which may be configured once an
RRC connection is established and which may be used to
provide additional radio resources.

In the downlink, the component carrier (CC) correspond-
ing to the PCell is the downlink primary component carrier
(DL PCC). In the uplink, the CC corresponding to the PCell
is the uplink primary component carrier (UL PCC). Depend-
ing on the capabilities of the UE, one or more SCells may
be configured to form a set of serving cells with the PCell.
In the downlink, the CC corresponding to the secondary cell
(SCell) is the downlink secondary component carrier (DL
SCC). In the uplink, the CC corresponding to the secondary
cell (SCell) is the uplink secondary component carrier (UL
SCC). The number of downlink CCs may be different from
the number of uplink CCs because multiple cells may share
one uplink CC.

If carrier aggregation is configured, a UE may have
multiple serving cells: a PCell and one or more SCells. From
a network perspective, a serving cell may be used as the
PCell by one UE and used as an SCell by another UE. If
carrier aggregation is not configured, a PCell operates a
single serving cell. There may be one or more SCells in
addition to the PCell if carrier aggregation is configured.
One benefit of using carrier aggregation is that additional
downlink and/or uplink data may be transmitted. As a result
of the additional downlink data, additional uplink control
information (UCI) may be needed.
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Anticipated Release-11 specifications may introduce an
additional carrier type. The additional carrier type (referred
to as a type-2 carrier) has no CRS (cell-specific reference
signal), no PSS (primary synchronization signal) and no SSS
(secondary synchronization signal). If a UE is configured
with carrier aggregation and a type-2 carrier is included in
carriers of configured serving cells, a UE may use a serving
cell of a legacy type carrier (referred to as a type-1 carrier)
to synchronize a serving cell of a type-2 carrier, assuming
that those two serving cells are synchronized. In other
words, a type-2 carrier may be synchronized with a type-1
carrier. The legacy carrier type has PSS, SSS and CRS
(normally, every subframe (1 millisecond (ms)) has CRS, for
example).

There is another carrier type (referred as a type-3 carrier),
which has PSS and SSS and may or may not have reduced
CRS (periodicity of the CRS may be reduced from 1 ms to
5 ms and bandwidth of the CRS may be reduced, for
example). A UE can achieve synchronization with a type-3
carrier by using PSS and SSS of a cell with the type-3
carrier.

In anticipated Release-12 specifications, this type-2 car-
rier and type-3 carrier may be introduced. A serving cell with
a type-1 carrier, a serving cell with a type-2 carrier and a
serving cell with a type-3 carrier may be referred to herein
as a type-1 serving cell, a type-2 serving cell and a type-3
serving cell, respectively. A PCell with a type-1 carrier and
a PCell with a type-3 carrier may be referred herein as a
type-1 PCell and a type-3 PCell, respectively. An SCell with
type-1 carrier, an SCell with type-2 carrier and an SCell with
type-3 carrier may be referred to herein as a type-1 SCell, a
type-2 SCell and a type-3 SCell, respectively. A type-2
carrier may not be used for a PCell.

In accordance with anticipated Release-11 specifications,
a UE may, whenever the UE has a measConfig, perform
RSRP and RSRQ measurements for each serving cell. For
the measld for which the measurement reporting procedure
was triggered, the UE may set the measResults within a
MeasurementReport message as follows. The UE may set
the measResultServFreqList to include for each SCell that is
configured, if any, within measResultSCell the quantities of
the concerned SCell. However, measurement for a type-2
carrier may not be performed and measurement results for a
type-2 carrier may not be included in the measurement
results.

In anticipated Release-11 specifications, a path loss ref-
erence for the uplink of a serving cell is specified by UE
specific RRC dedicated signaling. Furthermore, pathloss-
Referencelinking may indicate whether the UE shall apply
as path loss reference either the downlink of the PCell or of
the SCell that corresponds with this uplink. For SCells that
are part of a secondary TAG (Timing Advance Group), the
E-UTRAN sets the value to sCell (e.g., the downlink of the
SCell that corresponds with this uplink). However, a type-2
carrier cannot be the path loss reference because a type-2
carrier does not have a CRS.

The UE may need to have different procedures for RRM
measurement for a type-1 carrier and for a type-2 carrier.
Some configurations of the systems and methods disclosed
herein describe how to report measurement results for a
type-2 SCell. The UE may need to have different procedures
for a reference cell for a type-1 carrier and for a type-2
carrier. Some configurations of the systems and methods
disclosed herein describe how to configure a reference cell
for a type-2 SCell.
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In particular, some configurations of the systems and
methods disclosed herein describe type-2 carrier measure-
ment handling. A UE may perform one or more of RSRP
measurement and RSRQ measurement for each serving cell,
except for a type-2 serving cell. The UE may set a meas-
ResultPCell to include the quantities of the PCell. The UE
may set a measResultServFreqList to include, within meas-
ResultSCell, the quantities of the concerned SCell for each
SCell that is configured and is not a type-2 SCell, if any. The
UE may send the results of RSRP and RSRQ measurement
for each serving cell, except for a type-2 serving cell. An
eNB may include carrier frequencies, except for a type-2
carrier, in a measurement configuration. One benefit of the
systems and methods disclosed herein is that a UE and an
eNB can handle an additional carrier type efficiently.

Some configurations of the systems and methods dis-
closed herein describe type-2 carrier reference handling. In
particular, a reference cell may be configured for a type-2
SCell as follows. An eNB may configure a UE with a type-2
SCell and a reference cell that corresponds to the type-2
SCell. The UE may use one or more of CRS, PSS and SSS
of the reference cell for the type-2 SCell.

In a first approach, a UE configured with a type-2 SCell
may use, as a path loss reference for the uplink of the type-2
SCell, the reference cell that corresponds to the type-2
SCell. In a second approach, a PCell or an SCell may be
configured as a path loss reference for the uplink of a type-2
SCell for a UE configured with a type-2 SCell. If the SCell
is configured as a path loss reference for the uplink of the
type-2 SCell, the UE may use the reference cell of the type-2
SCell as the path loss reference. If the PCell is configured as
a path loss reference for the uplink of the type-2 SCell, the
UE may use the PCell of the type-2 SCell as the path loss
reference. In a third approach, a PCell or the reference cell
that corresponds with a type-2 SCell may be configured as
a path loss reference for the uplink of the type-2 SCell for
a UE configured with a type-2 SCell.

In some implementations, a reference cell for the type-2
SCell is a PCell. In this case, the eNB configures the UE with
type-2 SCell(s). Furthermore, the UE may use one or more
of the CRS, PSS, SSS and path loss of the PCell for the
type-2 SCell(s). One benefit of the systems and methods
disclosed herein is that the UE and the eNB can handle an
additional carrier type efficiently.

For clarity and context, the following section includes
portions of the 3GPP TS 36.331 specification interspersed
with explanation. More detail regarding RRM measurement
is given as follows. RRM measurement may be defined
mainly for the purpose of inter-cell mobility management in
the RRC layer. The UE reports measurement information in
accordance with the measurement configuration as provided
by E-UTRAN (e.g., serving eNB, neighbour eNB, network,
etc.). E-UTRAN provides the measurement configuration
(MeasConfig) applicable for a UE in RRC_CONNECTED
by means of dedicated signalling, i.e. using the RRCCon-
nectionReconfiguration message.

The UE can be requested to perform the following types
of measurements:

Intra-frequency measurements: measurements at the
downlink carrier frequency(ies) of the serving cell(s).

Inter-frequency measurements: measurements at frequen-
cies that differ from any of the downlink carrier fre-
quency(ies) of the serving cell(s).
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Inter-RAT measurements

The measurement configuration includes the following
parameters:

1. Measurement objects: The objects on which the UE

shall perform the measurements.

For intra-frequency and inter-frequency measurements
a measurement object is a single E-UTRA carrier
frequency. Associated with this carrier frequency,
E-UTRAN can configure a list of cell specific offsets
and a list of “blacklisted’ cells. Blacklisted cells are
not considered in event evaluation or measurement
reporting.

2. Reporting configurations: A list of reporting configu-
rations where each reporting configuration consists of
the following:

Reporting criterion: The criterion that triggers the UE
to send a measurement report. This can either be
periodical or a single event description.

Reporting format: The quantities that the UE includes
in the measurement report and associated informa-
tion (e.g. number of cells to report).

3. Measurement identities: A list of measurement identi-
ties where each measurement identity links one mea-
surement object with one reporting configuration. By
configuring multiple measurement identities it is pos-
sible to link more than one measurement object to the
same reporting configuration, as well as to link more
than one reporting configuration to the same measure-
ment object. The measurement identity is used as a
reference number in the measurement report.

4. Quantity configurations: One quantity configuration is
configured per RAT type. The quantity configuration
defines the measurement quantities and associated fil-
tering used for all event evaluation and related report-
ing of that measurement type. One filter can be con-
figured per measurement quantity.

5. Measurement gaps: Periods that the UE may use to
perform measurements, i.e. no (UL, DL) transmissions
are scheduled.

E-UTRAN only configures a single measurement object
for a given frequency, i.e. it is not possible to configure two
or more measurement objects for the same frequency with
different associated parameters, e.g. different offsets and/or
blacklists E-UTRAN may configure multiple instances of
the same event e.g. by configuring two reporting configu-
rations with different thresholds.

The UE maintains a single measurement object list, a
single reporting configuration list, and a single measurement
identities list. The measurement object list includes mea-
surement objects, that are specified per RAT type, possibly
including intra-frequency object(s) (i.e. the object(s) corre-
sponding to the serving frequency(ies)), inter-frequency
object(s) and inter-RAT objects. Similarly, the reporting
configuration list includes E-UTRA and inter-RAT reporting
configurations. Any measurement object can be linked to
any reporting configuration of the same RAT type. Some
reporting configurations may not be linked to a measurement
object. Likewise, some measurement objects may not be
linked to a reporting configuration.

The measurement procedures distinguish the following
types of cells:

1. The serving cell(s)—these are the PCell and one or

more SCells, if configured for a UE supporting CA.

2. Listed cells—these are cells listed within the measure-
ment object(s).
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3. Detected cells—these are cells that are not listed within
the measurement object(s) but are detected by the UE
on the carrier frequency(ies) indicated by the measure-
ment object(s).

For E-UTRA, the UE measures and reports on the serving
cell(s), listed cells and detected cells. The UE shall be able
to identify new intra-frequency cells and perform RSRP
measurements of identified intra-frequency cells without an
explicit intra-frequency neighbour cell list containing physi-
cal layer cell identities. During the RRC_CONNECTED
state the UE shall continuously measure identified intra
frequency cells and additionally search for and identify new
intra frequency cells. The UE shall be able to identify new
inter-frequency cells and perform RSRP measurements of
identified inter-frequency cells if carrier frequency informa-
tion is provided by the PCell, even if no explicit neighbour
list with physical layer cell identities is provided.

For all measurements the UE applies the layer 3 filtering,
before using the measured results for evaluation of reporting
criteria or for measurement reporting. The UE shall, when-
ever the UE has a measConfig, perform RSRP and RSRQ
measurements for each serving cell.

The UE shall, if a measurement gap configuration is
setup; or if the UE does not require measurement gaps to
perform the concerned measurements: if s-Measure is not
configured; or if s-Measure is configured and the PCell
RSRP, after layer 3 filtering, is lower than this value:
perform the corresponding measurements of neighbouring
cells on the frequencies and RATs indicated in the concerned
measObject.

In RRM measurement, RSRP and RSRQ are measured for
CRS (Cell-specific Reference Signal). For the measld for
which the measurement reporting procedure was triggered,
the UE shall set the measResults within the Measuremen-
tReport message and submit the MeasurementReport mes-
sage to lower layers for transmission to transfer measure-
ment results from the UE to E-UTRAN.

The RRCConnectionReconfiguration message is the com-
mand to modify an RRC connection. It may convey infor-
mation for measurement configuration, mobility control,
radio resource configuration (including RBs, MAC main
configuration and physical channel configuration) including
any associated dedicated NAS information and security
configuration.

The IE MeasConfig specifies measurements to be per-
formed by the UE, and covers intra-frequency, inter-fre-
quency and inter-RAT mobility as well as configuration of
measurement gaps. The IE Measld is used to identify a
measurement configuration, i.e., linking of a measurement
object and a reporting configuration.

The IE MeasIdToAddModList concerns a list of measure-
ment identities to add or modify, with for each entry the
measld, the associated measObjectld and the associated
reportConfigld. The IE MeasObjectToAddModList con-
cerns a list of measurement objects to add or modify. This
can link measObjectld and measObject.

The IE MeasObjectEUTRA specifies information appli-
cable for intra-frequency or inter-frequency E-UTRA cells.
The IE ReportConfigEUTRA specifies criteria for triggering
of an E-UTRA measurement reporting event. Trigger type
can be set to event trigger or periodic trigger. The E-UTRA
measurement reporting events are labelled AN with N equal
to 1, 2 and so on.

Event Al: Serving becomes better than absolute thresh-

old;

Event A2: Serving becomes worse than absolute thresh-
old;
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Event A3: Neighbour becomes amount of offset better
than PCell,;

Event A4: Neighbour becomes better than absolute
threshold;

Event A5: PCell becomes worse than absolute threshold1
AND Neighbour becomes better than another absolute
threshold?2.

Event A6: Neighbour becomes amount of offset better
than SCell.

10

The UE variable VarMeasConfig includes the accumu-
lated configuration of the measurements to be performed by
the UE, covering intra-frequency, inter-frequency and inter-
RAT mobility related measurements. The UE variable
VarMeasReportList includes information about the measure-
ments for which the triggering conditions have been met.
Accordingly, the 3GPP TS 36.331 provides context in which
some configurations of the systems and methods disclosed
herein may be utilized.

The IE ReportConfigld is used to identify a measurement 10  More detail regarding some configurations of the systems
reporting configuration. The IE MeasResults covers mea- and methods disclosed herein is given as follows. Some
sured results for intra-frequency, inter-frequency and inter- implementations of the systems and methods disclosed
RAT mobility. MeasResults includes measld and measure- herein enable type-2 carrier measurement handling. An eNB
ment results of PCell, optionally neighbor cell and SCell(s). may include carrier frequencies except for a type-2 carrier in

UE and eNB maintains the following variables (i.e. 15 a measurement configuration. A UE performs RSRP and
VarMeasConfig and VarMeasReportList) to operate mea- RSRQ measurement for each serving cell except for a type-2
surement. The variables are illustrated in Listing (1) as serving cell. The UE sets a measResultPCell to include the
follows. quantities (e.g., RSRP and RSRQ) of the PCell. The UE sets

Listing (1)
-- ASN1START
MeasResults ::= SEQUENCE {

measId MeasId,

measResultPCell SEQUENCE {
rsrpResult RSRP-Range,
rsrqResult RSRQ-Range

measResultNeighCells CHOICE {
measResultListEUTRA MeasResultListEUTRA,
measResultListUTRA MeasResultListUTRA,
measResultListGERAN MeasResultListGERAN,
measResultsCDMA2000 MeasResultsCDMA2000,

} OPTIONAL,

[[ measResultForECID-r9 MeasResultForECID-r9 OPTIONAL

[[ locationInfo-r10 LocationInfo-r10 OPTIONAL,

measResultServFreqList-r10  MeasResultServFreqList-r10  OPTIONAL

1
MeasResultListEUTRA ::= SEQUENCE (SIZE (1..maxCellReport)) OF
MeasResult EUTRA
MeasResultEUTRA ::= SEQUENCE {

physCellld PhysCellld,

cgi-Info SEQUENCE {

cellGloballd CellGloballdEUTRA,

trackingAreaCode TrackingAreaCode,

plmn-IdentityList PLMN-IdentityList2 OPTIONAL
OPTIONAL,

measResult SEQUENCE {

rsrpResult RSRP-Range OPTIONAL,

rsrqResult RSRQ-Range OPTIONAL,

[ additionalSI-Info-r9 AdditionalSI-Info-r9 OPTIONAL

1l

¥
MeasResultServEreqList-r10 ::= SEQUENCE (SIZE (1..maxServCell-r10)) OF
MeasResultServFreq-r10
MeasResultServFreq-r10 ;= SEQUENCE {

servFreqld-r10 ServCelllndex-r10,

measResultSCell-r10 SEQUENCE {

rsrpResultSCell-r10 RSRP-Range,

rsrqResultSCell-r10 RSRQ-Range

OPTIONAL,

measResultBestNeighCell-r10 SEQUENCE {

physCellld-r10 PhysCellld,

rsrpResultNCell-r10 RSRP-Range,

rsrqResultNCell-r10 RSRQ-Range
} OPTIONAL,

-- ASN1STOP
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the measResultServFreqList to include the quantities of the
concerned SCell within measResultSCell, for each SCell
that is configured and isn’t a type-2 SCell, if any.

In Release-11 specifications, whenever the UE has a
measConfig, the UE performs RSRP and RSRQ measure-
ments for each serving cell. For the measld for which the
measurement reporting procedure was triggered, the UE sets
the measResults within the MeasurementReport message as
follows. The UE sets the measResultServFreqList to include
the quantities of a concerned SCell within measResultSCell
for each SCell that is configured, if any. The quantities to be
included in the measurement report are the RSRP and RSRQ
quantities. However, measurement for a type-2 carrier can-
not be performed and measurement results for type-2 carrier
should not be included in the measurement results.

In Release-12 specifications, the eNB may configure a UE
with multiple serving cells, including a type-2 serving cell.
The eNB includes carrier frequencies except for a type-2
carrier in a measurement configuration (measConfig), even
if the eNB configures the UE with multiple serving cells
including a type-2 serving cell. The measurement configu-
ration is informed to the UE (by the eNB, for example).
Whenever the UE has a measConfig, the UE performs RSRP
and RSRQ measurements for each serving cell, except for a
type-2 serving cell. In some configurations, RSRP and
RSRQ measurements for a serving cell are CRS-based
measurements. Additionally or alternatively, a UE may
perform RSRP and RSRQ measurements for channel state
information reference signal(s) (CSI-RS(s)) for each serving
cell. A type-1 serving cell, a type-2 serving cell and a type-3
serving cell may be configured with CSI-RS(s). For the
measld for which the measurement reporting procedure was
triggered, the UE sets the measResults within the Measure-
mentReport message as follows. The UE may set a meas-
ResultPCell to include the quantities of the PCell. The UE
sets the measResultServFreqList to include the quantities of
the concerned SCell within measResultSCell for each SCell
that is configured and isn’t type-2, if any. The UE may set
the measResultServFreqlist to include the quantities of
CSI-RS(s) of the concerned SCell within measResultSCell
for each SCell, even if the SCell is type-2. One benefit of the
systems and methods disclosed herein is that a UE and an
eNB can handle an additional carrier type efficiently.

Some implementations of the systems and methods dis-
closed herein enable type-2 carrier reference handling. In
particular, a reference cell may be configured for a type-2
SCell as follows. An eNB may configure a UE with a type-2
SCell and a reference cell that corresponds to the type-2
SCell. The UE may use one or more of CRS, PSS and SSS
of the reference cell for the type-2 SCell.

In a first approach, a UE configured with a type-2 SCell
may use, as a path loss reference for the uplink of the type-2
SCell, the reference cell that corresponds to the type-2
SCell. In a second approach, a PCell or an SCell may be
configured as a path loss reference for the uplink of a type-2
SCell for a UE configured with a type-2 SCell. If the SCell
is configured as a path loss reference for the uplink of the
type-2 SCell, the UE may use the reference cell of the type-2
SCell as the path loss reference. If the PCell is configured as
a path loss reference for the uplink of the type-2 SCell, the
UE may use the PCell of the type-2 SCell as the path loss
reference. In a third approach, a PCell or the reference cell
that corresponds with a type-2 SCell may be configured as
a path loss reference for the uplink of the type-2 SCell for
a UE configured with a type-2 SCell.

In some implementations, a reference cell for the type-2
SCell is a PCell. In this case, the eNB configures the UE with
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type-2 SCell(s). Furthermore, the UE may use one or more
of the CRS, PSS, SSS and path loss of the PCell for the
type-2 SCell(s).

In Release-11 specifications, CRS, PSS and SSS exist in
a type-1 serving cell. Therefore, there is no need to have a
reference cell for a type-1 or a type-3 serving cell. A path
loss reference for uplink of a serving cell is specified by UE
specific RRC dedicated signaling. A pathlossReferencelink-
ing indicates whether the UE shall apply as path loss
reference either the downlink of the PCell or of the SCell
that corresponds with this uplink. For SCells part of a
secondary TAG, the E-UTRAN sets the value to sCell (e.g.,
the downlink of the SCell that corresponds with this uplink).
However, a type-2 carrier cannot be the path loss reference
because a type-2 carrier does not have a CRS. Listing (2)
illustrates one example of pathlossReferencelinking as fol-
lows.

Listing (2)
UplinkPowerControlDedicatedSCell-r10 ::= SEQUENCE {
pathlossReferenceLinking-r10 ENUMERATED {pCell,
sCell}
¥

More detail regarding how a reference cell may be con-
figured for a type-2 SCell is given as follows. In Release-12
specifications, an eNB may configure a UE with multiple
serving cells, including a type-2 serving cell. When the eNB
configures a UE with a type-2 SCell, the eNB may also
configure the UE with a serving cell index for the type-2
SCell. The serving cell corresponding to the serving cell
index may be used as a reference cell for the type-2 SCell.
One or more of the CRS, PSS and SSS of the reference cell
may be referred by the type-2 SCell. A type-1 or a type-3
serving cell, but not a type-2 cell, can be a reference cell.
When the UE receives the type-2 SCell configuration,
including a serving cell index for the reference cell, the UE
may use at least one of the CRS, PSS and SSS of the
reference cell for the type-2 SCell.

Regarding a path loss reference for the uplink of the
type-2 SCell, one or more approaches may be applied in
accordance with the systems and methods disclosed herein.
In a first approach, a UE configured with type-2 SCell may
use the reference cell that corresponds with the type-2 SCell
as a path loss reference for the uplink of the type-2 SCell. In
a second approach, a PCell or an SCell may be configured
as a path loss reference for the uplink of a type-2 SCell for
a UE configured with a type-2 SCell. If the SCell is
configured as a path loss reference for the uplink of the
type-2 SCell, the UE may use the reference cell of the type-2
SCell as the path loss reference. If the PCell is configured as
a path loss reference for the uplink of the type-2 SCell, the
UE may use the PCell of the type-2 SCell as the path loss
reference. In a third approach, a PCell or the reference cell
that corresponds with a type-2 SCell may be configured as
a path loss reference for the uplink of the type-2 SCell for
a UE configured with a type-2 SCell.

A pathlossReferencelinking-r10 may indicate whether
the UE applies, as a path loss reference, either the downlink
of'the PCell or of the type-1 SCell that corresponds with this
uplink. For type-1 SCells part of a secondary TAG, the
E-UTRAN sets the value to sCell (e.g., the downlink of the
SCell that corresponds with this uplink).

In the first approach, pathlossReferencelinking-r10 may
not be signaled to the UE or may be ignored by the UE. A
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UE configured with type-2 SCell may use the reference cell
that corresponds with the type-2 SCell as a path loss
reference for the uplink of the type-2 SCell.

In the second approach, pathlossReferencel.inking-r10
may be signaled to the UE. If the SCell is indicated as a path
loss reference for the uplink of the type-2 SCell, the UE may
use the reference cell of the type-2 SCell as the path loss
reference. If the PCell is indicated as a path loss reference
for the uplink of the type-2 SCell, the UE may use the PCell
of the type-2 SCell as the path loss reference.

In the third approach, pathlossReferencelinking-r11 may
be signaled to the UE. pathlossRerefencelinking-r11 may
indicate whether the UE applies, as a path loss reference,
either the downlink of the PCell or of the reference cell of
the type-2 SCell that corresponds with this uplink.

In some implementations, a reference cell for the type-2
SCell is a PCell. In Release-12, the eNB may configure the
UE with multiple serving cells, including a type-2 serving
cell. When the eNB configures the UE with a type-2 SCell,
the eNB may assume that a UE uses a PCell as a reference
cell for the type-2 SCell. Furthermore, the UE may use one
or more of the CRS, PSS, SSS and path loss of the reference
cell for the type-2 SCell. One benefit of the systems and
methods disclosed herein is that a UE and an eNB can
handle an additional carrier type efficiently.

Various examples of the systems and methods disclosed
herein are now described with reference to the Figures,
where like reference numbers may indicate functionally
similar elements. The systems and methods as generally
described and illustrated in the Figures herein could be
arranged and designed in a wide variety of different imple-
mentations. Thus, the following more detailed description of
several implementations, as represented in the Figures, is not
intended to limit scope, as claimed, but is merely represen-
tative of the systems and methods.

FIG. 1 is a block diagram illustrating one configuration of
one or more eNBs 160 and one or more UEs 102 in which
systems and methods for handling a type-2 carrier may be
implemented. The one or more UEs 102 communicate with
one or more eNBs 160 using one or more antennas 122a-n.
For example, a UE 102 transmits electromagnetic signals to
the eNB 160 and receives electromagnetic signals from the
eNB 160 using the one or more antennas 122a-n. The eNB
160 communicates with the UE 102 using one or more
antennas 180a-n.

The UE 102 and the eNB 160 may use multiple carriers
119 to communicate with each other. Each of the carriers 119
may be utilized to transmit downlink (e.g., from an eNB 160
to a UE 102) information, to transmit uplink (e.g., from a UE
102 to an eNB 160) information or both. In particular, each
carrier 119 may be a frequency band allocated for commu-
nication. In some configurations, multiple carriers 119 may
be aggregated or grouped to provide expanded communica-
tion bandwidth between an eNB 160 and a UE 102. Each of
the carriers 119 may correspond to a cell. For example, one
or more carriers 119 may be provided with each serving cell.
Each of the serving cells may be a PCell or an SCell as
described above.

Each of the carriers 119 may have a particular carrier type.
For instance, each of the carriers 119 may be a type-1 carrier,
a type-2 carrier or a type-3 carrier as described above.
Specifically, a type-2 carrier may not have a CRS, a PSS or
an SSS. However, a type-1 carrier may have one or more of
a CRS, a PSS and an SSS. Furthermore, an SCell with a
type-2 carrier may be referred to as type-2 SCell in accor-
dance with the above description.
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It should be noted that a UE 102 may transmit information
or data to the eNB 160 using one or more uplink channels.
Examples of uplink channels include a Physical Uplink
Control Channel (PUCCH) and a Physical Uplink Control
Channel (PUSCH), etc. Furthermore, the one or more eNBs
160 may also transmit information or data to the one or more
UESs 102 using one or more downlink channels, for instance.
Examples of downlink channels include a PDCCH, a
PDSCH, etc. Other kinds of channels may be used.

Each of the one or more UEs 102 may include one or more
transceivers 118, one or more demodulators 114, one or
more decoders 108, one or more encoders 150, one or more
modulators 154, a data buffer 104 and a UE operations
module 124. For example, one or more reception and/or
transmission paths may be implemented in the UE 102. For
convenience, only a single transceiver 118, decoder 108,
demodulator 114, encoder 150 and modulator 154 are illus-
trated in the UE 102, though multiple parallel elements (e.g.,
transceivers 118, decoders 108, demodulators 114, encoders
150 and modulators 154) may be implemented.

The transceiver 118 may include one or more receivers
120 and one or more transmitters 158. The one or more
receivers 120 may receive signals from the eNB 160 using
one or more antennas 122a-n. For example, the receiver 120
may receive and downconvert signals to produce one or
more received signals 116. The one or more received signals
116 may be provided to a demodulator 114. The one or more
transmitters 158 may transmit signals to the eNB 160 using
one or more antennas 122a-n. For example, the one or more
transmitters 158 may upconvert and transmit one or more
modulated signals 156.

The demodulator 114 may demodulate the one or more
received signals 116 to produce one or more demodulated
signals 112. The one or more demodulated signals 112 may
be provided to the decoder 108. The UE 102 may use the
decoder 108 to decode signals. The decoder 108 may
produce one or more decoded signals 106, 110. For example,
a first UE-decoded signal 106 may comprise received pay-
load data, which may be stored in a data buffer 104. A second
UE-decoded signal 110 may comprise overhead data and/or
control data. For example, the second UE-decoded signal
110 may provide data that may be used by the UE operations
module 124 to perform one or more operations.

As used herein, the term “module” may mean that a
particular element or component may be implemented in
hardware, software or a combination of hardware and soft-
ware. However, it should be noted that any element denoted
as a “module” herein may alternatively be implemented in
hardware (e.g., circuitry). For example, the UE operations
module 124 may be implemented in hardware, software or
a combination of both.

In general, the UE operations module 124 may enable the
UE 102 to communicate with the one or more eNBs 160.
The UE operations module 124 may include one or more of
a multi-cell configuration application module 126, a mea-
surement module 128, a measurement list generation mod-
ule 130, a UE reference cell determination module 132 and
a UE path loss reference determination module 134.

The multi-cell configuration application module 126 may
apply a configuration with one or more serving cells includ-
ing at least one type-2 SCell. For example, the UE 102 may
receive a configuration message from an eNB 160 that
indicates a configuration of multiple serving cells. In some
implementations, the multi-cell configuration application
module 126 may apply the configuration by designating
particular carriers for communication and updating UE
settings (e.g., hardware and/or software settings) to enable
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transmission and/or reception on the designated carriers. At
least one of the serving cells may be a type-2 SCell. In
particular, the type-2 SCell may have a type-2 carrier.

The measurement module 128 may obtain a measurement
for each of the one or more serving cells except for the at
least one type-2 SCell. For example, the measurement
module 128 may perform RSRP and RSRQ measurements
for each serving cell, except for a type-2 SCell. For instance,
if there are two serving cells and one is a type-1 serving cell
and the other is a type-2 serving cell, measurement may be
performed only for the type-1 serving cell. In some imple-
mentations, obtaining a measurement may be triggered by a
measurement configuration (e.g., measConfig) in accor-
dance with the above description. For instance, a UE 102
may receive a measConfig from an eNB 160 that directs the
UE 102 to take measurements for one or more serving cells,
except for the at least one type-2 SCell. The measurement
module 128 may then obtain RSRP and RSRQ measure-
ments corresponding to each of the serving cells, except for
the at least one type-2 SCell. Some implementations of the
systems and methods disclosed herein may be performed in
accordance with the procedures described above regarding
measurements.

The measurement list generation module 130 may gen-
erate a measurement list. The measurement list generation
module 130 may also set the measurement list to include the
measurement for each of the one or more serving cells
except for the at least one type-2 SCell. For instance, the
measurement list generation module 130 may include the
RSRP and RSRQ measurements corresponding to each of
the one or more serving cells, except for the at least one
type-2 SCell, in a measurement list. In some examples, the
measurement list may be a measResultPCell and a measRe-
sultServFreqlist as described above. Furthermore, the mea-
surement list generation module 130 may include RSRP and
RSRQ measurement quantities (e.g., measResult) corre-
sponding to a PCell in a measResultPCell. The measurement
list generation module 130 may include RSRP and RSRQ
measurement quantities (e.g., measResult) corresponding to
any configured SCell, except any type-2 SCell(s), in a
measResultSCell in the measResultServFreqlist as
described above.

The UE 102 may send the measurement list. For example,
the UE 102 may transmit the measurement list to an eNB
160 in an uplink message. For instance, the UE 102 may
send a measResultPCell that includes RSRP and RSRQ
measurement quantities of the PCell and a measResultServ-
FreqL.ist that includes RSRP and RSRQ measurement quan-
tities for each SCell, except for at least one type-2 SCell. In
some implementations, the measResultPCell and the meas-
ResultServFreqlist may be included in a Measuremen-
tReport message.

The UE reference cell determination module 132 may
determine a reference cell corresponding to at least one
type-2 SCell. For example, determining a reference cell
corresponding to the at least one type-2 SCell may include
receiving a reference cell indicator (from an eNB 160, for
instance). More specifically, a reference cell indicator may
indicate a particular reference cell for a type-2 SCell. In
some implementations, the reference cell may be designated
with a reference cell indicator (e.g., a cell index number).
For example, a UE 102 may be configured with multiple
serving cells including a type-2 serving cell. When the UE
102 is configured (based on eNB 160 messaging, for
example) with a type-2 SCell, the UE 102 may also be
configured with a serving cell index for the type-2 SCell.
The serving cell corresponding to the serving cell index may
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be determined by the UE reference cell determination mod-
ule 132 as the reference cell corresponding to the at least one
type-2 SCell.

The UE path loss reference determination module 134
may determine a path loss reference for an uplink of the at
least one type-2 SCell. For example, the UE path loss
reference determination module 134 may determine the path
loss reference in accordance with one or more of the
approaches described above. In a first approach, the UE path
loss reference determination module 134 determines the
path loss reference as the reference cell corresponding to the
at least one type-2 SCell. In a second approach, the UE path
loss reference determination module 134 determines the
path loss reference between a PCell and an SCell. In a third
approach, the UE path loss reference determination module
134 determines the path loss reference between a PCell and
the reference cell corresponding to the at least one type-2
SCell. In some implementations, determining the path loss
reference is based on a received path loss reference indicator
(from an eNB 160, for example). More detail is given below.

The UE 102 may utilize 306 at least one of a CRS, PSS
and SSS of the reference cell for the at least one type-2
SCell. More detail is given below. Additionally or alterna-
tively, the UE 102 may utilize a path loss corresponding to
the path loss reference for the at least one type-2 SCell. As
described above, the path loss reference may or may not be
the reference cell. More detail is given below.

The UE operations module 124 may provide information
148 to the one or more receivers 120. For example, the UE
operations module 124 may inform the receiver(s) 120 of
one or more carriers 119 on which to receive signals.

The UE operations module 124 may provide information
138 to the demodulator 114. For example, the UE operations
module 124 may inform the demodulator 114 of a modula-
tion pattern anticipated for transmissions from the eNB 160.

The UE operations module 124 may provide information
136 to the decoder 108. For example, the UE operations
module 124 may inform the decoder 108 of an anticipated
encoding for transmissions from the eNB 160.

The UE operations module 124 may provide information
142 to the encoder 150. The information 142 may include
data to be encoded and/or instructions for encoding. For
example, the UE operations module 124 may instruct the
encoder 150 to encode transmission data 146 and/or other
information 142. The other information 142 may include a
measurement list as described herein.

The encoder 150 may encode transmission data 146
and/or other information 142 provided by the UE operations
module 124. For example, encoding the data 146 and/or
other information 142 may involve error detection and/or
correction coding, mapping data to space, time and/or fre-
quency resources for transmission, multiplexing, etc. The
encoder 150 may provide encoded data 152 to the modulator
154.

The UE operations module 124 may provide information
144 to the modulator 154. For example, the UE operations
module 124 may inform the modulator 154 of a modulation
type (e.g., constellation mapping) to be used for transmis-
sions to the eNB 160. The modulator 154 may modulate the
encoded data 152 to provide one or more modulated signals
156 to the one or more transmitters 158.

The UE operations module 124 may provide information
140 to the one or more transmitters 158. This information
140 may include instructions for the one or more transmit-
ters 158. For example, the UE operations module 124 may
instruct the one or more transmitters 158 to transmit on
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particular carriers 119. The one or more transmitters 158
may upconvert and transmit the modulated signal(s) 156 to
one or more eNBs 160.

The eNB 160 may include one or more transceivers 176,
one or more demodulators 172, one or more decoders 166,
one or more encoders 109, one or more modulators 113, a
data buffer 162 and an eNB operations module 182. For
example, one or more reception and/or transmission paths
may be implemented in an eNB 160. For convenience, only
a single transceiver 176, decoder 166, demodulator 172,
encoder 109 and modulator 113 are illustrated in the eNB
160, though multiple parallel elements (e.g., transceivers
176, decoders 166, demodulators 172, encoders 109 and
modulators 113) may be implemented.

The transceiver 176 may include one or more receivers
178 and one or more transmitters 117. The one or more
receivers 178 may receive signals from the UE 102 using
one or more antennas 180a-z. For example, the receiver 178
may receive and downconvert signals to produce one or
more received signals 174. The one or more received signals
174 may be provided to a demodulator 172. The one or more
transmitters 117 may transmit signals to the UE 102 using
one or more antennas 180a-n. For example, the one or more
transmitters 117 may upconvert and transmit one or more
modulated signals 115.

The demodulator 172 may demodulate the one or more
received signals 174 to produce one or more demodulated
signals 170. The one or more demodulated signals 170 may
be provided to the decoder 166. The eNB 160 may use the
decoder 166 to decode signals. The decoder 166 may
produce one or more decoded signals 164, 168. For example,
a first eNB-decoded signal 164 may comprise received
payload data, which may be stored in a data buffer 162. A
second eNB-decoded signal 168 may comprise overhead
data and/or control data. For example, the second eNB-
decoded signal 168 may provide data that may be used by
the eNB operations module 182 to perform one or more
operations.

In general, the eNB operations module 182 may enable
the eNB 160 to communicate with the one or more UEs 102.
The eNB operations module 182 may include one or more
of a multi-cell configuration determination module 194,
configuration message generation module 196, a measure-
ment list application module 198, an eNB reference cell
determination module 151, a reference cell indicator gen-
eration 153 and an eNB path loss reference determination
module 107.

The multi-cell configuration determination module 194
may determine a configuration with one or more serving
cells including at least one type-2 SCell. For example, the
eNB 160 may generate a configuration for a UE 102 to
communicate on multiple carriers 119, where at least one of
the multiple carriers 119 is a type-2 carrier provided in an
SCell.

The configuration message generation module 196 may
generate a configuration message that indicates the configu-
ration determined by the multi-cell configuration determi-
nation module 194. The eNB 160 may send the configura-
tion message. Thus, the eNB 160 may generate and send a
configuration message indicating the configuration with one
or more serving cells including at least one type-2 SCell.

In some implementations, the eNB 160 may generate and
send a measConfig. For example, the measConfig may be
sent in an RRCConnectionReconfiguration message. The
measConfig may direct the UE 102 to obtain a measurement
(e.g., RSRP and RSRQ) for one or more serving sells that are
not type-2 SCells.
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The eNB 160 may receive a measurement list including a
measurement for each of the one or more serving cells
except for the at least one type-2 SCell. For example, the
eNB 160 may receive a MeasurementReport message that
includes a measResultPCell and a measResultServFreqList
that include RSRP and RSRQ quantities for one or more
serving cells, but does not include any measurement regard-
ing a type-2 SCell. In some implementations, the eNB 160
may receive the measurement list (e.g., measResultPCell,
measResultServFreqlist) as measResults within a Measure-
mentReport message.

The eNB reference cell determination module 151 may
determine a reference cell corresponding to at least one
type-2 SCell. For example, the eNB reference cell determi-
nation module 151 may select a serving cell that is config-
ured for communication with a UE 102 as a reference cell.
The reference cell may be utilized by a UE 102 for opera-
tions relating to the at least one type-2 SCell. For example,
the reference cell may include one or more of a CRS, PSS
and SSS, which the UE 102 may utilize for one or more
operations relating to the type-2 SCell.

The reference cell indicator generation module 153 may
generate a reference cell indicator. The eNB 160 may send
the reference cell indicator. For example, the eNB 160 may
generate and send a reference cell indicator that indicates a
reference cell to a UE 102. More specifically, a reference cell
indicator may indicate a particular reference cell for a type-2
SCell. In some implementations, the reference cell indicator
may be a cell index number. For example, a eNB 160 may
configure a UE 102 with multiple serving cells including a
type-2 serving cell. When the eNB 160 configures a UE 102
(based on eNB 160 messaging, for example) with a type-2
SCell, the eNB 160 may also configure the UE 102 with a
serving cell index for the type-2 SCell. The serving cell
corresponding to the serving cell index may be the reference
cell corresponding to the at least one type-2 SCell.

The eNB path loss reference determination module 107
may optionally determine a path loss reference for an uplink
of'the least one type-2 SCell. For example, the eNB path loss
reference determination module 107 may determine the path
loss reference in accordance with one or more of the
approaches described above. In a first approach, the path
loss reference is the reference cell corresponding to the at
least one type-2 SCell. In a second approach, the eNB 160
may select the path loss reference between a PCell and an
SCell. In a third approach, the eNB 160 may select the path
loss reference between a PCell and the reference cell cor-
responding to the at least one type-2 SCell.

The eNB 160 may optionally send the path loss reference
indicator. In a first approach, the path loss reference may be
the reference cell. In this case, the eNB 160 may not send a
path loss reference indicator. Optionally, however, the eNB
160 may send a path loss reference indicator that indicates
a selected path loss reference. In a second approach, for
example, the eNB path loss reference determination module
107 may select a path loss reference between a PCell and an
SCell. In this case, the eNB 160 may send a path loss
reference indicator indicating whether the path loss refer-
ence is a PCell or an SCell. In a third approach, the eNB path
loss reference determination module 107 may select a path
loss reference between a PCell and the reference cell. In this
case, the eNB 160 may send a path loss reference indicator
indicating whether the path loss reference is a PCell or the
reference cell.

The eNB operations module 182 may provide information
190 to the one or more receivers 178. For example, the eNB
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operations module 182 may inform the receiver(s) 178 of
carriers 119 on which to receive transmissions.

The eNB operations module 182 may provide information
188 to the demodulator 172. For example, the eNB opera-
tions module 182 may inform the demodulator 172 of a
modulation pattern anticipated for transmissions from the
UE(s) 102.

The eNB operations module 182 may provide information
186 to the decoder 166. For example, the eNB operations
module 182 may inform the decoder 166 of an anticipated
encoding for transmissions from the UE(s) 102.

The eNB operations module 182 may provide information
101 to the encoder 109. The information 101 may include
data to be encoded and/or instructions for encoding. For
example, the eNB operations module 182 may instruct the
encoder 109 to encode transmission data 105 and/or other
information 101. The other information 101 may include one
or more of a reference cell indicator and a path loss reference
indicator.

The encoder 109 may encode transmission data 105
and/or other information 101 provided by the eNB opera-
tions module 182. For example, encoding the data 105
and/or other information 101 may involve error detection
and/or correction coding, mapping data to space, time and/or
frequency resources for transmission, multiplexing, etc. The
encoder 109 may provide encoded data 111 to the modulator
113. The transmission data 105 may include network data to
be relayed to the UE 102.

The eNB operations module 182 may provide information
103 to the modulator 113. This information 103 may include
instructions for the modulator 113. For example, the eNB
operations module 182 may inform the modulator 113 of a
modulation type (e.g., constellation mapping) to be used for
transmissions to the UE(s) 102. The modulator 113 may
modulate the encoded data 111 to provide one or more
modulated signals 115 to the one or more transmitters 117.

The eNB operations module 182 may provide information
192 to the one or more transmitters 117. This information
192 may include instructions for the one or more transmit-
ters 117. For example, the eNB operations module 182 may
instruct the one or more transmitters 117 of carriers 119 on
which to transmit information. The one or more transmitters
117 may upconvert and transmit the modulated signal(s) 115
to one or more UEs 102.

It should be noted that one or more of the elements or
parts thereof included in the eNB(s) 160 and UE(s) 102 may
be implemented in hardware. For example, one or more of
these elements or parts thereof may be implemented as a
chip, circuitry or hardware components, etc. It should also
be noted that one or more of the functions or methods
described herein may be implemented in and/or performed
using hardware. For example, one or more of the methods
described herein may be implemented in and/or realized
using a chipset, an application-specific integrated circuit
(ASIC), a large-scale integrated circuit (LSI) or integrated
circuit, etc.

FIG. 2 is a flow diagram illustrating one configuration of
a method 200 for handling a type-2 carrier. A UE 102 may
apply 202 a configuration with one or more serving cells
including at least one type-2 SCell. For example, the UE 102
may receive a configuration message from an eNB 160 that
indicates a configuration of multiple serving cells. In some
implementations, the UE 102 may apply 202 the configu-
ration by designating particular carriers for communication
and updating UE settings (e.g., hardware and/or software
settings) to enable transmission and/or reception on the
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designated carriers. At least one of the serving cells may be
a type-2 SCell. In particular, the type-2 SCell may have a
type-2 carrier.

The UE 102 may obtain 204 a measurement for each of
the one or more serving cells except for the at least one
type-2 SCell. For example, the UE 102 may perform RSRP
and RSRQ measurements for each serving cell, except for a
type-2 SCell. In some implementations, obtaining 204 a
measurement may be triggered by a measurement configu-
ration (e.g., measConfig) in accordance with the above
description. For instance, a UE 102 may receive a measCon-
fig from an eNB 160 that directs the UE 102 to take
measurements for one or more serving cells, except for the
at least one type-2 SCell. The UE 102 may then obtain RSRP
and RSRQ measurements corresponding to each of the
serving cells, except for the at least one type-2 SCell. Some
implementations of the systems and methods disclosed
herein may be performed in accordance with the procedures
described above regarding measurements.

The UE 102 may set 206 a measurement list to include the
measurement for each of the one or more serving cells
except for the at least one type-2 SCell. For instance, the UE
102 may include the RSRP and RSRQ measurements cor-
responding to one or more of the serving cells, except for the
at least one type-2 SCell, in a measurement list. In some
examples, the measurement list may be a measResultPCell
and a measResultServFreqlist as described above. Further-
more, the UE 102 may include RSRP and RSRQ measure-
ment quantities (e.g., measResult) corresponding to a PCell
in a measResultPCell. The UE 102 may include RSRP and
RSRQ measurement quantities (e.g., measResult) corre-
sponding to any configured SCell, except any type-2
SCell(s), in a measResultSCell in the measResultServ-
FreqL.ist as described above.

The UE 102 may send 208 the measurement list. For
example, the UE 102 may transmit the measurement list to
an eNB 160 in an uplink message. For instance, the UE 102
may send a measResultPCell that includes RSRP and RSRQ
measurement quantities of the PCell and a measResultServ-
FreqL.ist that includes RSRP and RSRQ measurement quan-
tities for each serving cell, except for at least one type-2
SCell. In some implementations, the measResultPCell and
the measResultServFreqlist may be included in a Measure-
mentReport message.

FIG. 3 is a flow diagram illustrating another configuration
of'a method 300 for handling a type-2 carrier. A UE 102 may
determine 302 a reference cell corresponding to at least one
type-2 SCell. For example, determining 302 a reference cell
corresponding to the at least one type-2 SCell may include
receiving a reference cell indicator (from an eNB 160, for
instance). More specifically, a reference cell indicator may
indicate a particular reference cell for a type-2 SCell. In
some implementations, the reference cell may be designated
with a reference cell indicator (e.g., a cell index number).
For example, a UE 102 may be configured with multiple
serving cells including a type-2 serving cell. When the UE
102 is configured (based on eNB 160 messaging, for
example) with a type-2 SCell, the UE 102 may also be
configured with a serving cell index for the type-2 SCell.
The serving cell corresponding to the serving cell index may
be determined 302 as the reference cell corresponding to the
at least one type-2 SCell.

The UE 102 may determine 304 a path loss reference for
an uplink of the at least one type-2 SCell. For example, the
UE 102 may determine 304 the path loss reference in
accordance with one or more of the approaches described
above. In a first approach, the UE 102 determines 304 the
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path loss reference as the reference cell corresponding to the
at least one type-2 SCell. In a second approach, the UE 102
determines 304 the path loss reference between a PCell and
an SCell. In a third approach, the UE 102 determines 304 the
path loss reference between a PCell and the reference cell
corresponding to the at least one type-2 SCell. In some
implementations, determining 304 the path loss reference is
based on a received path loss reference indicator (from an
eNB 160, for example). More detail is given below.

The UE 102 may utilize 306 at least one of a CRS, PSS
and SSS of the reference cell for the at least one type-2
SCell. For example, the UE 102 may utilize one or more of
the PSS and SSS to synchronize the type-2 SCell.

It should be noted that the UE 102 may additionally or
alternatively utilize 308 a path loss corresponding to the path
loss reference for the at least one type-2 SCell. As described
above, the path loss reference may or may not be the
reference cell.

It should be noted that the method 300 described in
connection with FIG. 3 may be performed independently of
the method 200 described in connection with FIG. 2. Alter-
natively, one or more aspects of the method 200 described
in connection with FIG. 2 may be performed in conjunction
with one or more aspects of the method 300 described in
connection with FIG. 3.

FIG. 4 is a flow diagram illustrating a more specific
configuration of a method 400 for handling a type-2 carrier.
A UE 102 may determine 402 a reference cell corresponding
to at least one type-2 SCell. This may be done as described
in connection with FIG. 3 above.

The UE 102 may set 404 the reference cell corresponding
to the at least one type-2 SCell as the path loss reference for
the uplink of the at least one type-2 SCell. This is one
example of the first approach described above. In this
approach, the UE 102 determines the path loss reference as
the reference cell corresponding to the at least one type-2
SCell.

The UE 102 may utilize 406 at least one of a CRS, PSS
and SSS of the reference cell for the at least one type-2
SCell. This may be done as described in connection with
FIG. 3 above.

It should be noted that the UE 102 may additionally or
alternatively utilize 408 a path loss corresponding to the path
loss reference for the at least one type-2 SCell. This may be
done as described in connection with FIG. 3 above.

FIG. 5 is a flow diagram illustrating another more specific
configuration of a method 500 for handling a type-2 carrier.
A UE 102 may determine 502 a reference cell corresponding
to at least one type-2 SCell. This may be done as described
in connection with FIG. 3 above.

The UE 102 may determine 504 whether to set a PCell or
an SCell as the path loss reference for the uplink of the at
least one type-2 SCell. For example, the UE 102 may receive
a path loss reference indicator that indicates whether to set
a PCell or an SCell as the path loss reference.

The UE 102 may set 506 the PCell as the path loss
reference for the uplink of the at least one type-2 SCell if it
is determined to set the PCell as the path loss reference.
Alternatively, the UE 102 may set 508 the SCell as the path
loss reference for the uplink of the at least one type-2 SCell
if it is determined to set the SCell as the path loss reference.
This is one example of the second approach described
above.

The UE 102 may utilize 510 at least one of a CRS, PSS
and SSS of the reference cell for the at least one type-2
SCell. This may be done as described in connection with
FIG. 3 above.
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It should be noted that the UE 102 may utilize 512 a path
loss corresponding to the path loss reference for the at least
one type-2 SCell. This may be done as described in con-
nection with FIG. 3 above.

FIG. 6 is a flow diagram illustrating another more specific
configuration of a method 600 for handling a type-2 carrier.
AUE 102 may determine 602 a reference cell corresponding
to at least one type-2 SCell. This may be done as described
in connection with FIG. 3 above.

The UE 102 may determine 604 whether to set a PCell or
the reference cell corresponding to the at least one type-2
SCell as the path loss reference for the uplink of the at least
one type-2 SCell. For example, the UE 102 may receive a
path loss reference indicator that indicates whether to set a
PCell or the reference cell as the path loss reference.

The UE 102 may set 606 the PCell as the path loss
reference for the uplink of the at least one type-2 SCell if it
is determined to set the PCell as the path loss reference.
Alternatively, the UE 102 may set 608 the reference cell as
the path loss reference for the uplink of the at least one
type-2 SCell if it is determined to set the reference cell as the
path loss reference. This is one example of the third
approach described above.

The UE 102 may utilize 610 at least one of a CRS, PSS
and SSS of the reference cell for the at least one type-2
SCell. This may be done as described in connection with
FIG. 3 above.

It should be noted that the UE 102 may utilize 612 a path
loss corresponding to the path loss reference for the at least
one type-2 SCell. This may be done as described in con-
nection with FIG. 3 above.

FIG. 7 is a flow diagram illustrating another configuration
of' a method 700 for handling a type-2 carrier. An eNB 160
may determine 702 a configuration with one or more serving
cells including at least one type-2 SCell. For example, the
eNB 160 may generate a configuration for a UE 102 to
communicate on multiple carriers 119, where at least one of
the multiple carriers 119 is a type-2 carrier provided in an
SCell.

The eNB 160 may send 704 a configuration message
based on the configuration. For example, the eNB 160 may
generate and send 704 a configuration message indicating
the configuration with one or more serving cells including at
least one type-2 SCell.

In some implementations, the eNB 160 may generate and
send a measConfig. For example, the measConfig may be
sent in an RRCConnectionReconfiguration message. The
measConfig may direct the UE 102 to obtain a measurement
(e.g., RSRP and RSRQ) for one or more serving sells that are
not type-2 SCells.

The eNB 160 may receive 706 a measurement list includ-
ing a measurement for each of the one or more serving cells
except for the at least one type-2 SCell. For example, the
eNB 160 may receive a measResultPCell and a measResult-
ServFreqList that includes RSRP and RSRQ quantities for
one or more serving cells, but does not include any mea-
surement regarding a type-2 SCell. In some implementa-
tions, the eNB 160 may receive 706 the measurement list
(e.g., measResultPCell, measResultServFreqlist) as meas-
Results within a MeasurementReport message.

FIG. 8 is a flow diagram illustrating another configuration
of' a method 800 for handling a type-2 carrier. An eNB 160
may determine 802 a reference cell corresponding to at least
one type-2 SCell. For example, the eNB 160 may select a
serving cell that is configured for communication with a UE
102 as a reference cell. The reference cell may be utilized by
a UE 102 for operations relating to the at least one type-2



US 9,432,158 B2

23
SCell. For example, the reference cell may include one or
more of a CRS, PSS and SSS, which the UE 102 may utilize
for one or more operations relating to the type-2 SCell.

The eNB 160 may determine 804 a path loss reference for
an uplink of the least one type-2 SCell. For example, the
eNB 160 may determine 804 the path loss reference in
accordance with one or more of the approaches described
above. In a first approach, the path loss reference is the
reference cell corresponding to the at least one type-2 SCell.
In a second approach, the eNB 160 may select the path loss
reference between a PCell and an SCell. In a third approach,
the eNB 160 may select the path loss reference between a
PCell and the reference cell corresponding to the at least one
type-2 SCell.

The eNB 160 may send 806 a reference cell indicator. For
example, the eNB 160 may send 806 a reference cell
indicator that indicates a reference cell to a UE 102. More
specifically, a reference cell indicator may indicate a par-
ticular reference cell for a type-2 SCell. In some implemen-
tations, the reference cell indicator may be a cell index
number. For example, a eNB 160 may configure a UE 102
with multiple serving cells including a type-2 serving cell.
When the eNB 160 configures a UE 102 (based on eNB 160
messaging, for example) with a type-2 SCell, the eNB 160
may also configure the UE 102 with a serving cell index for
the type-2 SCell. The serving cell corresponding to the
serving cell index may be the reference cell corresponding
to the at least one type-2 SCell.

The eNB 160 may optionally send 808 a path loss
reference indicator. In a first approach, the path loss refer-
ence may be the reference cell. In this case, the eNB 160
may not send a path loss reference indicator. Optionally,
however, the eNB 160 may send a path loss reference
indicator that indicates a selected path loss reference. In a
second approach, for example, the eNB 160 may select a
path loss reference between a PCell and an SCell. In this
case, the eNB 160 may send a path loss reference indicator
indicating whether the path loss reference is a PCell or an
SCell. In a third approach, the eNB 160 may select a path
loss reference between a PCell and the reference cell. In this
case, the eNB 160 may send a path loss reference indicator
indicating whether the path loss reference is a PCell or the
reference cell.

FIG. 9 is a block diagram illustrating an example of the
structure of a measurement configuration variable 923. The
measurement configuration variable 923 may be referred to
as VarMeasConfig. The measurement configuration variable
923 may be one example of the UE variable VarMeasConfig
described above. Both the UE 102 and the eNB 160 may
maintain the measurement configuration variable 923. The
measurement configuration variable 923 may include a list
of measurement identities (measldList) 925a-c, a list of
measurement objects (measObjectList) 933 and a list of
report configurations (reportConfiglist) 935, which may be
examples of corresponding elements described above. The
list of measurement identities 925 may include one or more
measurement identities (e.g., measlds) 927a-c, one or more
measurement object identities 929a-c and one or more report
configuration identities 931a-c, which may be examples of
corresponding elements described above. Each measure-
ment identity 927 may be linked to a measurement object
identity 929 and a report configuration identity 931.

In Release-10, measurement identity addition and modi-
fication procedures may be performed during radio resource
control (RRC) connection reconfiguration if the RRCCon-
nectionReconfiguration message includes the measConfig
and the received measConfig includes the measIdToAdd-
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ModList. The UE 102 may perform the measurement iden-
tity addition and modification procedures for each measld
927 included in a received measldToAddModList. If an
entry with the matching measld 927 exists in the measIdList
925 within the VarMeasConfig 923, the UE 102 may replace
the entry with the value received for the measld 927.
Otherwise, the UE 102 may add a new entry for this measld
927 within the VarMeasConfig 923. The eNB 160 may
consider or assume that the addition or modification proce-
dure has been done in the UE 102.

FIG. 10 is a block diagram illustrating one example of the
structure of a measurement report list 1037. The measure-
ment report list 1037 may be referred to as VarMeasRe-
portList and may be one example of the corresponding
element described above. Both the UE 102 and the eNB 160
may maintain the measurement report list 1037. The mea-
surement report list 1037 may include multiple measurement
reports 1039a-c. Each measurement report 1039 may
include the measurement identity (measId) 1027a-c and the
list of cells that triggered the measurement report 1039.

FIG. 11 is a block diagram illustrating an RRC Connec-
tion Reconfiguration message 1141 structure. The RRC
Connection Reconfiguration message 1141 may be referred
to as RRCConnectionReconfiguration and may be one
example of the RRCConnectionReconfiguration message
described above. The RRC Connection Reconfiguration
message 1141 may include measurement configurations
(measConfigs) 1143, which may be examples of the
MeasConfig described above. The measurement configura-
tions 1143 may include one or more of a measObjectToAd-
dModList, a reportConfigloAddModList and a measld-
ToAddModList as described above. It should be noted that
the RRC Connection Reconfiguration may include other
elements.

FIG. 12 is a block diagram illustrating an example of a
measurement configuration (measConfig) 1243. The mea-
surement configuration (measConfig) 1243 is one example
of' a measConfig described above that may be transmitted
from an eNB 160 to a UE 102. The measurement configu-
ration 1243 includes several measurement identities
(measlds) 1227a-f, associated measurement object identities
(measObjectlds) 1229a-f'and associated report configuration
identities (reportConfiglds) 1231a-f, which may be
examples of corresponding elements described above. The
measurement configuration 1243 may instruct the UE 102 to
take RSRP and RSRQ measurements for one or more
carriers (e.g., measObjects).

A measld 1227 may correspond to cell-specific reference
signal (CRS) based radio resource management (RRM)
measurements. When a measld 1227 is signaled, the measIld
1227 may be associated with a measObjectld 12294-fand a
reportConfigld 1231a-f.

In some implementations, the measurement configuration
1243 may specify criteria for triggering a measurement
reporting event. An event identity may identify measure-
ment reporting events (i.e., the current list of events A1-A6
described above). Events A1-A6 are defined as events based
on measurement results of a cell-specific reference signal
(CRS) (of a reference cell for a type-2 SCell, for example).

In Release-10, a measurement identity addition/modifi-
cation procedure may be performed during a radio resource
control (RRC) connection reconfiguration procedure. Spe-
cifically, an addition/modification procedure may be per-
formed during radio resource control (RRC) connection
reconfiguration if the RRCConnectionReconfiguration mes-
sage 1141 includes the measurement configuration 1143,
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1243 and the received measurement configuration 1143,
1243 includes the measldToAddModList.

FIG. 13 illustrates various components that may be uti-
lized in a UE 1302. The UE 1302 described in connection
with FIG. 13 may be implemented in accordance with the
UE 102 described in connection with FIG. 1. The UE 1302
includes a processor 1345 that controls operation of the UE
1302. The processor 1345 may also be referred to as a
central processing unit (CPU). Memory 1351, which may
include read-only memory (ROM), random access memory
(RAM), a combination of the two or any type of device that
may store information, provides instructions 1347a and data
13494 to the processor 1345. A portion of the memory 1351
may also include non-volatile random access memory
(NVRAM). Instructions 13476 and data 13495 may also
reside in the processor 1345. Instructions 13475 and/or data
13495 loaded into the processor 1345 may also include
instructions 1347a and/or data 1349a¢ from memory 1351
that were loaded for execution or processing by the proces-
sor 1345. The instructions 13475 may be executed by the
processor 1345 to implement one or more of the methods
200, 300, 400, 500, 600 described above.

The UE 1302 may also include a housing that contains
one or more transmitters 1358 and one or more receivers
1320 to allow transmission and reception of data. The
transmitter(s) 1358 and receiver(s) 1320 may be combined
into one or more transceivers 1318. One or more antennas
13224-n are attached to the housing and electrically coupled
to the transceiver 1318.

The various components of the UE 1302 are coupled
together by a bus system 1357, which may include a power
bus, a control signal bus and a status signal bus, in addition
to a data bus. However, for the sake of clarity, the various
buses are illustrated in FIG. 13 as the bus system 1357. The
UE 1302 may also include a digital signal processor (DSP)
1353 for use in processing signals. The UE 1302 may also
include a communications interface 1355 that provides user
access to the functions of the UE 1302. The UE 1302
illustrated in FIG. 13 is a functional block diagram rather
than a listing of specific components.

FIG. 14 illustrates various components that may be uti-
lized in an eNB 1460. The eNB 1460 described in connec-
tion with FIG. 14 may be implemented in accordance with
the eNB 160 described in connection with FIG. 1. The eNB
1460 includes a processor 1459 that controls operation of the
eNB 1460. The processor 1459 may also be referred to as a
central processing unit (CPU). Memory 1465, which may
include read-only memory (ROM), random access memory
(RAM), a combination of the two or any type of device that
may store information, provides instructions 1461« and data
1463a to the processor 1459. A portion of the memory 1465
may also include non-volatile random access memory
(NVRAM). Instructions 14615 and data 14635 may also
reside in the processor 1459. Instructions 14615 and/or data
14635 loaded into the processor 1459 may also include
instructions 1461a and/or data 1463a¢ from memory 1465
that were loaded for execution or processing by the proces-
sor 1459. The instructions 14615 may be executed by the
processor 1459 to implement one or more of the methods
700, 800 described above.

The eNB 1460 may also include a housing that contains
one or more transmitters 1417 and one or more receivers
1478 to allow transmission and reception of data. The
transmitter(s) 1417 and receiver(s) 1478 may be combined
into one or more transceivers 1476. One or more antennas
14804-7 are attached to the housing and electrically coupled
to the transceiver 1476.
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The various components of the eNB 1460 are coupled
together by a bus system 1471, which may include a power
bus, a control signal bus and a status signal bus, in addition
to a data bus. However, for the sake of clarity, the various
buses are illustrated in FIG. 14 as the bus system 1471. The
eNB 1460 may also include a digital signal processor (DSP)
1467 for use in processing signals. The eNB 1460 may also
include a communications interface 1469 that provides user
access to the functions of the eNB 1460. The eNB 1460
illustrated in FIG. 14 is a functional block diagram rather
than a listing of specific components.

FIG. 15 is a block diagram illustrating one configuration
of'a UE 1502 in which systems and methods for handling a
type-2 carrier may be implemented. The UE 1502 includes
transmit means 1558, receive means 1520 and control means
1524. The transmit means 1558, receive means 1520 and
control means 1524 may be configured to perform one or
more of the functions described in connection with FIGS.
2-6 and FIG. 13 above. FIG. 13 above illustrates one
example of a concrete apparatus structure of FIG. 15. Other
various structures may be implemented to realize one or
more of the functions of FIGS. 2-6 and FIG. 13. For
example, a DSP may be realized by software.

FIG. 16 is a block diagram illustrating one configuration
of'an eNB 1660 in which systems and methods for handling
a type-2 carrier may be implemented. The eNB 1660
includes transmit means 1617, receive means 1678 and
control means 1682. The transmit means 1617, receive
means 1678 and control means 1682 may be configured to
perform one or more of the functions described in connec-
tion with FIGS. 7-8 FIG. 14 above. FIG. 14 above illustrates
one example of a concrete apparatus structure of FIG. 16.
Other various structures may be implemented to realize one
or more of the functions of FIGS. 7-8 and FIG. 14. For
example, a DSP may be realized by software.

The term “computer-readable medium” refers to any
available medium that can be accessed by a computer or a
processor. The term “computer-readable medium,” as used
herein, may denote a computer- and/or processor-readable
medium that is non-transitory and tangible. By way of
example, and not limitation, a computer-readable or proces-
sor-readable medium may comprise RAM, ROM,
EEPROM, CD-ROM or other optical disk storage, magnetic
disk storage or other magnetic storage devices, or any other
medium that can be used to carry or store desired program
code in the form of instructions or data structures and that
can be accessed by a computer or processor. Disk and disc,
as used herein, includes compact disc (CD), laser disc,
optical disc, digital versatile disc (DVD), floppy disk and
Blu-ray® disc where disks usually reproduce data magneti-
cally, while discs reproduce data optically with lasers.

It should be noted that one or more of the methods
described herein may be implemented in and/or performed
using hardware. For example, one or more of the methods
described herein may be implemented in and/or realized
using a chipset, an application-specific integrated circuit
(ASIC), a large-scale integrated circuit (LSI) or integrated
circuit, etc.

Each of the methods disclosed herein comprises one or
more steps or actions for achieving the described method.
The method steps and/or actions may be interchanged with
one another and/or combined into a single step without
departing from the scope of the claims. In other words,
unless a specific order of steps or actions is required for
proper operation of the method that is being described, the
order and/or use of specific steps and/or actions may be
modified without departing from the scope of the claims.
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It is to be understood that the claims are not limited to the
precise configuration and components illustrated above.
Various modifications, changes and variations may be made
in the arrangement, operation and details of the systems,
methods, and apparatus described herein without departing
from the scope of the claims.

What is claimed is:
1. A User Equipment (UE) for handling a type-2 carrier,
comprising:

a processor;

memory in electronic communication with the processor,
wherein instructions stored in the memory are execut-
able to:

apply a configuration with one or more serving cells
including at least one type-2 secondary cell (SCell);

obtain a measurement for each of the one or more serving
cells except for the at least one type-2 SCell;

set a measurement list to include measurement results for
the one or more serving cells except for the at least one
type-2 SCell, wherein the measurement results for the
one or more serving cells are included in a case that the
one or more SCells that are not type-2 are configured;

send the measurement list; and

determine a path loss reference for an uplink of the at least
one type-2 SCell, wherein determining the path loss
reference comprises determining whether to set a pri-
mary cell (PCell) or a secondary cell (SCell) as the path
loss reference for the uplink of the at least one type-2
SCell.

2. A User Equipment (UE) for handling a type-2 carrier,

comprising:

a processor;

memory in electronic communication with the processor,
wherein instructions stored in the memory are execut-
able to:

apply a configuration with one or more serving cells
including at least one type-2 secondary cell (SCell);

obtain a measurement for each of the one or more serving
cells except for the at least one type-2 SCell;

set a measurement list to include measurement results for
the one or more serving cells except for the at least one
type-2 SCell, wherein the measurement results for the
one or more serving cells are included in a case that the
one or more SCells that are not type-2 are configured;

send the measurement list; and
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determine a path loss reference for an uplink of the at least
one type-2 SCell, wherein determining the path loss
reference comprises determining whether to set a pri-
mary cell (PCell) or a reference cell corresponding to
the at least one type-2 SCell as the path loss reference
for the uplink of the at least one type-2 SCell.

3. A method for handling a type-2 carrier by a User

Equipment (UE), comprising:

applying a configuration with one or more serving cells
including at least one type-2 secondary cell (SCell);

obtaining a measurement for each of the one or more
serving cells except for the at least one type-2 SCell;

setting a measurement list to include the measurement
results for the one or more serving cells except for the
at least one type-2 SCell, wherein the measurement
results for the one or more serving cells are included in
a case that the one or more SCells that are not type-2
are configured;

sending the measurement list; and

determining a path loss reference for an uplink of the at
least one type-2 SCell, wherein determining the path
loss reference comprises determining whether to set a
primary cell (PCell) or a secondary cell (SCell) as the
path loss reference for the uplink of the at least one
type-2 SCell.

4. A method for handling a type-2 carrier by a User

Equipment (UE), comprising:

applying a configuration with one or more serving cells
including at least one type-2 secondary cell (SCell);

obtaining a measurement for each of the one or more
serving cells except for the at least one type-2 SCell;

setting a measurement list to include the measurement
results for the one or more serving cells except for the
at least one type-2 SCell, wherein the measurement
results for the one or more serving cells are included in
a case that the one or more SCells that are not type-2
are configured;

sending the measurement list and

determining a path loss reference for an uplink of the at
least one type-2 SCell, wherein determining the path
loss reference comprises determining whether to set a
primary cell (PCell) or a reference cell corresponding
to the at least one type-2 SCell as the path loss
reference for the uplink of the at least one type-2 SCell.
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